We explore new methods for medical education using digital signal processing to simulate heart beats and compare normal and abnormal heart pulses. In this work the healthy heart is replaced by a fixed heart-like pulse generator as an AD/DA converter. A visual basic code with friendly interface is written for this purpose. Additionally, abnormal heart beat corresponding to different heart disease were simulated using a waveform generator that allowed production of variable signals we stored in its library. Both of the normal and abnormal heart pulses were displayed using PC oscilloscope. Medical students are allowed to select the heart beats from a drop menu for diseases and compare the characteristics e.g. time intervals, pulse amplitudes and pulse shape deformation with the already displayed healthy heart beats. We believe our teaching methodology enhances the way knowledge are introduced to students in order to meet their educational preferences.
INTRODUCTION
Numerous research and work analyzing the electrocardiogram signals have been reported [1] [2] [3] . Naturally, the possibility of the analyst missing vital information is high. Therefore, computer-based analysis and classification of diseases can be very helpful in diagnostics [4 -10] .
The implementation of technology in medical education is rapidly growing due to its impact on increasing student's visual recognition of the subject understudy. This work aims to simulate signals of heart-like beat using digital signal processing.
MATERIALS AND METHODS
The system setup used in this work was built to meet the technology requirements and to form an easy-touse interface comfortable for non-specialized medicine students. This setup consists mainly of PCcontrolled components: Function generator (Vellman K8016), PC-Oscilloscope (PCSU1000) and AD/DA USB interface card as shown in the block diagram Figure 1 . The human heart is replaced by a heart -like pulse generator i.e. fixed pulse generator that was designed for this work. On the other hand, signals of the abnormal pulse shapes simulating the conditions of the heart diseases are produced by the wave form generator that allows producing variable signals which were stored in the PC via special software.
A digital oscilloscope displays both the normal heart signals and the abnormal ones originating from the waveform generator, where the students can observe the failure in the heart signals and explore the changes in the signal waves due to the type of disease, in a simple way just like an electrocardiogram output. Libraries of many abnormal signals, regarding different heart disorders are provided as examples, were stored as teaching material for different diseases.
The Interface card is built during this work and programmed specially for the purpose of generating the normal heart beats. This card is controlled using visual basic program. The output of the interface card is delivered to the PC-oscilloscope through a coaxial cable to channel 1. This signal is displayed on the PC-interface software (Vellman PCLAB 2000SE) that is operating and controlling the oscilloscope.
Because the function generator is used to generate different abnormal heart beats, the student can select the desired disease by its name from the library. The function generator is controlled via friendly software (executed from the PCLAB 2000SE during runtime) through the parallel port cable connected to the computer's printer port. However, its output signal is delivered to the PC via a coaxial cable to channel 2 of the oscilloscope. Hence, the same software (PCLAB) of the oscilloscope is used. This function generator was partially assembled as part of this work.
RESULTS AND DISCUSSION
This work was performed to enable an electronic teaching environment in the medical field that requires a lot of changes in the way knowledge are taught to meet our student's preferences today.
The outcome of the heart-like and electrocardiogram systems described in the methodology has lead to many interesting results in terms of its usefulness to medical students whom have tested it. It was a very clear to them how the system operated and what could be taught from using it.
Many examples of heart beat signals can be produced and compared against the original heart beat for a healthy adult. The following table demonstrates function generator signals representing the various diseases [11] and the corresponding frequency, which were set at the digital PC oscilloscope with time per division set at 100ms/Div in order to match the actual heart signal timing periods.
Description of signal f (kHz)
Normal heart signal 400
Acute anterior or anterolateral myocardial infraction (MI) 80
Asymptomatic sinus bradycardia at 46 beats/min in a healthy young woman (abnormalities in heart rhythm) 230
Benign sinus in a healthy young patient (abnormalities in heart rhythm) 50
A complete (III degree) atrioventricular block 210
First degree heart (atrioventricular) block 460
Biphasic T waves in myocardial ischemia (Inverted T wave) 75
Mobitz type II block (second degree AV block) 100
Sinus Tachycardia (abnormalities in heart rhythm)
Normal Vs normal signals: Figure 2 shows two identical signals for a normal heart beat that could be produced from both the fixed pulse generator and the function generator. It can be clearly noted that the function generator reproduced a healthy man heart beat signal in a very similar manner an electrocardiogram do, although it was not possible to demonstrate the T wave on the fixed pulse generator due to electronic technical problem that caused saturation of that part of signal. However this problem will be dealt with during the design of the final student version of this system. Figure 2 shows that one complete heart signal is timed (0.8s) in terms of each of its constituents (deflection waves of electrocardiogram). 
Normal Vs abnormal signals:
A comparison of abnormalities in the heart signals with normal signals is made using this system. Such abnormalities are characterized by several changes in the shape of the normal signals including the deformation of the complete signal or disappearance of some waves within the signal as in Figure 3 where fast tachycardia causes the P wave to become lost in the preceding T wave [12] . Changes may also result in enlargement/reduction of the signal amplitude (voltage) e.g. Figure 4 that shows the abnormality caused by acute anterior myocardial infraction. Other abnormalities listed in the above table were also produced by the system e.g. as shown in the Figure 5 . Here the student learns more about the common abnormalities and their corresponding changes in the signal. So he or she may distinguish between normal and abnormal heart rate which may be due to a disease or simply a change in the heart beat rate.
Fig 5
The abnormality caused by inverted T wave.
CONCLUSION
In general, the investigators believe that the work done so far is the very first steps in continuous efforts that must be done to carry on developing simulation for experimental physics to be implemented in medical schools.
For this work especially, the built system can be a very useful tool for teaching heart beat abnormalities for medical student in a modern and attractive way.
In addition, it can be reproduced in copies for a group of students in Medical Physics labs & Biomedical physics labs and Cardiology department labs.
A comprehensive library of many abnormalities in the heart signals was recorded and can be demonstrated to the students in the medical physics lab.
